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1 INTRODUCTION 
The coal seam gas (CSG) industry in eastern Australia is experiencing a period of rapid 
expansion.  A major focus of the current development is on the Surat Basin in south-west 
Queensland.   The Surat Basin covers approximately 110,000 km2 and has an estimated 6 
billion tonnes of thermal coal resources and more than 18,000 PJ of coal seam gas reserves 
(DEEDI, 2010).   It also has an established agricultural sector including extensive grazing, 
intensive feedlots and irrigated broad-acre and horticulture crops.   
CSG recovery has occurred from small scale developments in Queensland for approximately 25 
years.  Coal seam gas is recovered by drilling extraction wells into the target coal seams.  
Groundwater is then pumped from the wells to lower the water pressure in the coal seam so 
that the gas (primarily methane) is released.  It is generally not necessary to completely 
dewater the coal seams to produce the gas.  CSG production is therefore dependent on 
groundwater extraction to facilitate recovery of the gas from the coal seams.   
The Surat Basin CSG industry produces gas from the Walloon Coal Measures (WCM).  The target 
coals are thin seams within the low permeability, largely siltstone Walloon Coal Measures, and 
are directly overlain and underlain by low permeability geological units known as aquitards (or 
confining layers).  These aquitards restrict vertical groundwater flow between the coal seams 
and aquifers which are located both higher and lower in the geological sequence.   Despite the 
low permeability of the aquitards overlying and underlying the Walloon Coal Measures, 
groundwater extraction to reduce the water pressure in the coal seams may induce some 
vertical leakage into the coal seams and produce impacts on the surrounding sandstone 
aquifers.    
Regional towns and the agricultural industry within the Surat Basin utilise groundwater from 
both the sandstone aquifers and, to a much lesser extent, the Walloon Coal Measures.  Shallow 
groundwater aquifers in the area are generally used to provide town supplies and water for 
irrigation while bores in the Walloon Coal Measures are most commonly used for stock and 
domestic use.  Hence, it is important to understand the potential effects of groundwater 
depressurisation for CSG extraction on other groundwater users. 
Previous Assessments of Groundwater Impacts in the Surat Basin by the CSG industry 
The coal seam gas developments in the Surat Basin are primarily being conducted by Arrow 
Energy Ltd,  Origin Energy Ltd (part of the APLNG consortium),  QGC Pty Ltd (a wholly-owned 
subsidiary of BG Group Plc) and Santos Ltd (part of the GLNG consortium).   In many cases, the 
petroleum lease areas and gas production fields of these companies are in close proximity to 
each other. 
QGC, Santos and Origin Energy have previously conducted assessments of groundwater impacts 
as part of their environmental impact submissions to Government.  These documents are 
available in the public domain and represent each company’s gas production development plan 
at the time of preparation.  The QGC and Santos assessments of groundwater impact were 
required to consider only the impact of their own CSG development plan.  However, the 
assessment conducted by Origin Energy included both the impact of their own gas extraction as 
well as a prediction of cumulative impacts based on publically available information from the 
other major CSG companies. Arrow Energy is currently preparing its environmental impact 
submission including an assessment of groundwater impacts from its planned CSG operations.    
Cumulative Groundwater Impacts  
Given the close proximity of the various CSG developments there has been substantial interest 
in the cumulative impacts on groundwater systems of depressurising the Walloon Coal 
Measures.   The Queensland Water Commission (QWC) has been tasked with assessing CSG 
water impacts in cumulative management areas.   Its role will include groundwater impact 
monitoring, groundwater modelling, and preparation of cumulative impact reports.    The QWC 
is currently in the process of developing a groundwater model to enable the prediction of 
cumulative impacts in the Surat Basin.  This model will involve a significant geological and 
operational data input from the CSG companies including extraction bore information and 
production timing and expected volumes.  Given the magnitude and complexity of this task, the 
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2 STUDY AREA 
Lease boundaries for the four CSG projects are shown on Figure 2.1.Three of the projects (as 
presented in EIS or project documentation) are located entirely within the Surat Basin.  Santos 
has proposed developments from coal measures in both the Surat Basin and the Bowen Basin.   
Origin operates the Spring Gully project in the Bowen Basin under existing environmental 
approvals. Arrow has also previously recovered CSG from a small-scale project in the Bowen 
Basin.
Although some CSG production has occurred or is proposed from the Bowen Basin, for the 
purposes of cumulative impact, only the Surat Basin proposals are considered in this report.   
It is considered appropriate to consider only the Surat Basin in this cumulative impact study, as 
the intervening aquitards between the Walloon Coal Measures (WCM), which is the target coal 
unit in the Surat Basin proposals, and the Bandanna Coal Measures (BCM) which is the target 
unit for CSG production in the Bowen Basin, will effectively keep the two coal measures 
hydraulically separate.  Although it is possible that impacts of the Surat Basin and Bowen Basin 
developments could mutually interact slightly, it was decided to concentrate only on the Surat 
Basin developments in this study. 
It should be noted that there is significant current use of groundwater in the Surat Basin, as 
well as commercial activity that potentially impacts on groundwater, including: 
 Large-scale irrigation use 
 Stock and domestic use 
 Town water supply 
 Industrial use of groundwater 
 Coal mining 
 Conventional oil and gas production 
 Existing CSG production. 
It is generally the shallower units that are developed for water use, hence most current use of 
groundwater occurs in or close to the outcrop areas of the main aquifer units. 
INTRODUCTION 
2 
QWC cumulative groundwater impacts model is not expected to be operational until at least the 
end of 2011.     
The Queensland Government has also implemented a regulatory regime to ensure CSG 
operators comply with best practice to manage impacts associated with CSG water extraction.  
In particular, the Government has specified the trigger threshold values for assessing impacts 
on private groundwater bores as:  
• a 5m drop for consolidated aquifers, such as sandstone, and 
• a 2m drop for shallow alluvial aquifers.  
Where groundwater reductions in excess of these trigger values are found to be due to CSG 
operations, the CSG producer is obliged to negotiate ‘make good’ arrangements with the bore 
owner under the ‘make good’ provisions of the new regulations. 
Purpose of this Study 
During 2010, the four major CSG companies operating in the Surat Basin identified that there 
was significant community concern regarding the cumulative groundwater impacts of CSG 
operations in this area.  In an industry first, these companies agreed to pool their resources to 
review the approaches taken to the individual assessments, and provide a preliminary 
independent assessment of cumulative groundwater impacts associated with CSG operations.   
The University of Southern Queensland (USQ) was commissioned in September 2010 to manage 
this study, with RPS Aquaterra engaged to undertake the independent assessment of cumulative 
impacts, based on information from published impact assessment reports and other information 
made available to USQ and RPS Aquaterra by the four CSG companies to undertake the study.  
The overarching aim was to collate and present the existing groundwater modelling data to 
provide both the Government and the public with a greater level of understanding and 
confidence regarding the cumulative groundwater impacts from the development of CSG 
projects within the Surat Basin.  This preliminary study was designed to provide a first estimate 
of impacts based on existing modelling.  
The key objectives of this preliminary study were to: 
• Determine the groundwater areas expected to be impacted by depressurisation of the 
Walloon Coal Measures by the four major CSG company projects in the Surat Basin; and,  
• Compile a package of information and data to be provided to the QWC to assist its 
modelling consultants in developing a regional groundwater model for the Surat Basin.  
Integral to the second task was a comparison of the conceptual models used by the CSG 
companies, and presentation of recommended parameters and features for a regional model of 
the Surat Basin CSG developments which could be used to: 
• Describe the current extent of knowledge of the groundwater conditions in the Surat 
Basin; 
• Incorporate existing groundwater uses, as well as the proposed large-scale CSG 
developments in the Basin; 
• Represent the main hydrological processes, both natural and anthropogenic, to allow 
assessment of the impacts of all activities on the basin water resource; and 
• Provide a basis for the development of a regional groundwater model by the Queensland 
Water Commission (QWC), based on the best possible combination of industry experience 
and knowledge. 
It should be noted that the individual projects’ scenario modelling used in this study was 
undertaken separately by the companies and has not considered mutual interactions in terms of 
the rates of water extraction by the other companies.  Hence, the sum of the predicted water 
production rates is expected to overstate the total water production for the four projects when 
operating simultaneously, and consequently the cumulative impacts are likely to be less than 
those presented in this report.  
2
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3 CONCEPTUAL MODEL 
A conceptual groundwater model is a simplified representation of the hydrogeology of a region 
of interest, which includes a clear description of the physical environment, the main aquifers, 
aquitards and aquicludes, the processes of groundwater recharge and discharge (both natural 
and man-induced), and groundwater flow.   
The conceptual model is used as the basis for understanding the processes and interactions 
affecting groundwater and the environment, and is the basic foundation of a mathematical or 
numerical groundwater model. 
3.1 PHYSICAL SETTING 
The Surat Basin occurs in the eastern part of the Great Artesian Basin (GAB).  It comprises a 
sub-basin within the larger GAB.  Its northern and north-eastern boundaries are defined by the 
outcrops of the lowermost geological units in the basin.  The eastern boundary is defined by a 
basement ridge separating the Surat Basin from the Clarence-Moreton Basin.  The western and 
south-western parts of the Surat Basin are less-well-defined by basement highs separating it 
from the Eromanga Basin within the GAB proper.  To the south, the Surat Basin extends into 
New South Wales.   
3.2 TOPOGRAPHY
The Surat Basin generally has a gently undulating topography, with surface elevations ranging 
between about 250 and 700 mAHD.  The highest elevations are present to the north and east, 
ranging up to 700 mAHD.  Across the basin, topography slopes gradually towards the south-
west. To the east of the basin, elevation rises steeply to the Great Dividing Range, reaching up 
to around 1000 mAHD. 
The main drainage feature is the Condamine River which originates at the eastern margins of 
the basin, and flows west across the basin and into the Darling River system.  Several other 
ephemeral drainages cross the basin, including the Balonne River, Moonie River and Maranoa 
River all draining inland, and to the south the McIntyre River at the Queensland-New South 
Wales border. 
The Dawson River rises on the Great Dividing Range close to the northern boundary of the Surat 
Basin, flows in a north-easterly direction to the Queensland coast. 
3.3 GEOLOGY 
The Surat Basin is a sub-basin of the GAB, and comprises a sequence of generally south-
westerly dipping Jurassic and Cretaceous sediments.  The GAB sediments extend to more than 
3000 m in thickness, but the coal measures targeted by the current projects are generally at 
depths less than 1200 m.  
The basin sediments include a range of lithologies, and comprise thick sequences of generally 
low permeability (aquitards/aquicludes) that separate several recognised aquifers, which are 
mostly quartzose sandstone formations, and the coal seams within the Walloon Coal Measures.   
The GAB lithologic units are generally continuous across large areas within the basin, although 
some faulting is identified which may form partial hydraulic barriers to groundwater flow within 
the basin.  
By comparison, the stratigraphy of the Walloon Coal Measures is not continuous either vertically 
or horizontally, with the coal occurring as thin lenses surrounded by aquitard material.  This has 
a significant bearing on groundwater movement to and from the coal seams.  The Walloon Coal 
Measures are approximately 350 m thick, of which only about 10 m or less comprises coal 
seams.
The underlying Permo-Triassic sediments (which include the CSG target sequences in the 
adjacent Bowen Basin) contain sediments and volcanics of Early Permian to Middle Triassic age.  
The Bowen Basin sediments outcrop or subcrop to the north of the outcrop limits of the basal 
Surat Basin units.  The base of the Surat Basin is an unconformable contact between the 
Precipice Sandstone and the underlying units, including the Moolayember Formation, Clematis 
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3 CONCEPTUAL MODEL 
A conceptual groundwater model is a simplified representation of the hydrogeology of a region 
of interest, which includes a clear description of the physical environment, the main aquifers, 
aquitards and aquicludes, the processes of groundwater recharge and discharge (both natural 
and man-induced), and groundwater flow.   
The conceptual model is used as the basis for understanding the processes and interactions 
affecting groundwater and the environment, and is the basic foundation of a mathematical or 
numerical groundwater model. 
3.1 PHYSICAL SETTING 
The Surat Basin occurs in the eastern part of the Great Artesian Basin (GAB).  It comprises a 
sub-basin within the larger GAB.  Its northern and north-eastern boundaries are defined by the 
outcrops of the lowermost geological units in the basin.  The eastern boundary is defined by a 
basement ridge separating the Surat Basin from the Clarence-Moreton Basin.  The western and 
south-western parts of the Surat Basin are less-well-defined by basement highs separating it 
from the Eromanga Basin within the GAB proper.  To the south, the Surat Basin extends into 
New South Wales.   
3.2 TOPOGRAPHY
The Surat Basin generally has a gently undulating topography, with surface elevations ranging 
between about 250 and 700 mAHD.  The highest elevations are present to the north and east, 
ranging up to 700 mAHD.  Across the basin, topography slopes gradually towards the south-
west. To the east of the basin, elevation rises steeply to the Great Dividing Range, reaching up 
to around 1000 mAHD. 
The main drainage feature is the Condamine River which originates at the eastern margins of 
the basin, and flows west across the basin and into the Darling River system.  Several other 
ephemeral drainages cross the basin, including the Balonne River, Moonie River and Maranoa 
River all draining inland, and to the south the McIntyre River at the Queensland-New South 
Wales border. 
The Dawson River rises on the Great Dividing Range close to the northern boundary of the Surat 
Basin, flows in a north-easterly direction to the Queensland coast. 
3.3 GEOLOGY 
The Surat Basin is a sub-basin of the GAB, and comprises a sequence of generally south-
westerly dipping Jurassic and Cretaceous sediments.  The GAB sediments extend to more than 
3000 m in thickness, but the coal measures targeted by the current projects are generally at 
depths less than 1200 m.  
The basin sediments include a range of lithologies, and comprise thick sequences of generally 
low permeability (aquitards/aquicludes) that separate several recognised aquifers, which are 
mostly quartzose sandstone formations, and the coal seams within the Walloon Coal Measures.   
The GAB lithologic units are generally continuous across large areas within the basin, although 
some faulting is identified which may form partial hydraulic barriers to groundwater flow within 
the basin.  
By comparison, the stratigraphy of the Walloon Coal Measures is not continuous either vertically 
or horizontally, with the coal occurring as thin lenses surrounded by aquitard material.  This has 
a significant bearing on groundwater movement to and from the coal seams.  The Walloon Coal 
Measures are approximately 350 m thick, of which only about 10 m or less comprises coal 
seams.
The underlying Permo-Triassic sediments (which include the CSG target sequences in the 
adjacent Bowen Basin) contain sediments and volcanics of Early Permian to Middle Triassic age.  
The Bowen Basin sediments outcrop or subcrop to the north of the outcrop limits of the basal 
Surat Basin units.  The base of the Surat Basin is an unconformable contact between the 
Precipice Sandstone and the underlying units, including the Moolayember Formation, Clematis 
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Table 3.1: Stratigraphy of Surat Basin 
Age Geological Unit 
Hydrostratigraphic 
Unit 
Aquifer/Confining 
Unit 
Cainozoic 
Alluvium (including Condamine Alluvium) 
Cainozoic 
Aquifer (water table) 
Colluvium 
Chinchilla Sand 
Tertiary Main Range Volcanics Main Range Volcanics 
Cretaceous 
Griman Creek Formation 
Rolling Downs Group Confining Unit 
Surat Siltstone 
Wallumbilla 
Formation  
Coreena Member 
Doncaster Member 
Bungil 
Formation 
Minmi Member 
Bungil/Mooga/Orallo 
Grouping 
Aquifer 
Nullawart Sst Member 
Kingill Member 
Mooga Sandstone 
Jurassic 
Orallo Formation 
Gubberamunda Sandstone 
Gubberamunda 
Sandstone 
Aquifer 
Kumbarilla Beds (undifferentiated units from 
Springbok to Bungil) 
Hooray Sandstone 
Southlands Formation 
Westbourne Formation Westbourne Formation Confining Unit 
Pilliga Sandstone 
Springbok Sandstone 
Aquifer 
Springbok Sandstone 
-upper part 
-lower part Confining Unit 
Walloon Coal 
Measures 
Upper Walloons Formation  Confining Unit 
Macalister Coal Seam  Aquifer/Confining Unit 
Juandah Sandstone  Confining Unit 
Lower Juandah Coal Seams  Aquifer/Confining Unit 
Tangalooma Sandstone  Aquifer 
Taroom Coal Seams  Aquifer/Confining Unit 
Eurombah Formation Eurombah Formation Confining Unit 
Hutton Sandstone 
Hutton Sandstone Aquifer 
Marburg Sandstone 
Evergreen 
Formation 
Upper Evergreen Shale 
Evergreen Formation 
Confining Unit 
Lower Evergreen Shale 
Basal Evergreen Sandstone 
Boxvale Sandstone 
Precipice / Helidon Sandstone Precipice Sandstone Aquifer 
Triassic Rewan Group 
Moolayember Fn, Clematis 
Sst, Rewan Fm 
Bowen Basin Sequence Confining Unit 
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Sandstone, Rewan Formation (all part of the Rewan Group). The Rewan Group in turn overlies 
the Bandanna Coal Measures (CSG target in the Bowen Basin).  In places, the Rewan Group has 
been eroded away, which has locally brought the Bandanna Coal Measures into direct 
unconformable contact with the Precipice Sandstone. 
The rocks of the Surat Basin and Bowen Basin are overlain in places by Cainozoic sediments 
(alluvium, colluvium and some volcanics). 
The stratigraphy of the Surat Basin sequence is detailed in Table 3.1.  Note that not all units 
are present fully across the Basin. 
Surface geology is illustrated on Figure 3.1, which also shows the locations of two 
representative cross-sections.  The cross-sections are presented on Figure 3.2 (a north-south 
section), and on Figure 3.3 (a northeast-southwest section). 
The section on Figure 3.2 extends through the proposed CSG developments including Santos’ 
Bowen Basin proposals.  This section illustrates schematically the relationship between the Surat 
Basin sediments, and the underlying Bowen Basin sediments.  The section on Figure 3.3 also 
passes through the proposed CSG development areas, and is oriented across the strike of the 
Surat Basin sediments. 
The modellers working for the four CSG proponents have represented the geology in slightly 
different ways, but the sequence shown in Table 3.1 attempts to accommodate the differences. 
One of the main differences between the conceptual models used by the CSG companies is in 
the subdivision of the Walloon Coal Measures.  In some cases, three separate coal seam units 
are identified in the models, and in other cases only two.  The Walloon Coal Measures physically 
consist of more than 14 individual non-continuous coal seams of varying thickness, separated 
by aquitard materials. 
Figure 3.4 is a computer-generated hologram of the Walloon Coal Measures compiled by QGC, 
based on actual drill stem data, and illustrates the complex nature of coal seam occurrence 
within the formation.  The recognition of a number of hydrostratigraphic units within the 
Walloon Coal Measures, as has been done by some of the CSG proponents, is considered 
appropriate on a local scale, but is more difficult to justify in a regional model due to the spatial 
variability. 
6
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Sandstone, Rewan Formation (all part of the Rewan Group). The Rewan Group in turn overlies 
the Bandanna Coal Measures (CSG target in the Bowen Basin).  In places, the Rewan Group has 
been eroded away, which has locally brought the Bandanna Coal Measures into direct 
unconformable contact with the Precipice Sandstone. 
The rocks of the Surat Basin and Bowen Basin are overlain in places by Cainozoic sediments 
(alluvium, colluvium and some volcanics). 
The stratigraphy of the Surat Basin sequence is detailed in Table 3.1.  Note that not all units 
are present fully across the Basin. 
Surface geology is illustrated on Figure 3.1, which also shows the locations of two 
representative cross-sections.  The cross-sections are presented on Figure 3.2 (a north-south 
section), and on Figure 3.3 (a northeast-southwest section). 
The section on Figure 3.2 extends through the proposed CSG developments including Santos’ 
Bowen Basin proposals.  This section illustrates schematically the relationship between the Surat 
Basin sediments, and the underlying Bowen Basin sediments.  The section on Figure 3.3 also 
passes through the proposed CSG development areas, and is oriented across the strike of the 
Surat Basin sediments. 
The modellers working for the four CSG proponents have represented the geology in slightly 
different ways, but the sequence shown in Table 3.1 attempts to accommodate the differences. 
One of the main differences between the conceptual models used by the CSG companies is in 
the subdivision of the Walloon Coal Measures.  In some cases, three separate coal seam units 
are identified in the models, and in other cases only two.  The Walloon Coal Measures physically 
consist of more than 14 individual non-continuous coal seams of varying thickness, separated 
by aquitard materials. 
Figure 3.4 is a computer-generated hologram of the Walloon Coal Measures compiled by QGC, 
based on actual drill stem data, and illustrates the complex nature of coal seam occurrence 
within the formation.  The recognition of a number of hydrostratigraphic units within the 
Walloon Coal Measures, as has been done by some of the CSG proponents, is considered 
appropriate on a local scale, but is more difficult to justify in a regional model due to the spatial 
variability. 
7
Cumulative Drawdown Impact Book Pages.indd   7 15/04/11   12:47 PM
ER
O
M
A
N
G
A 
B
A
SI
N
SU
R
AT
 B
A
SI
N
C
LA
R
EN
C
E-
M
O
R
ET
O
N
 B
A
SI
N
B
O
W
EN
 B
A
SI
N
A A'
B
B'
4
0
0
0
0
0
4
0
0
0
0
0
6
0
0
0
0
0
6
0
0
0
0
0
8
0
0
0
0
0
8
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
0
0
6800000
6800000
7000000
7000000
7200000
7200000
A
U
T
H
O
R
  
  
  
  
 T
L
C
H
E
C
K
E
D
 B
Y
  
  
PJ
D
D
A
T
E
  
  
  
2
5
/1
1
/2
0
1
0
P
R
O
JE
C
T
 N
O
  
  
  
 S
1
0
0
R
E
V
IS
IO
N
  
  
  
  
  
 B
D
R
A
W
IN
G
 N
O
  
  
0
1
6
a
FI
G
U
R
E
 3
.1
S
u
rf
a
ce
 G
e
o
lo
g
y
±
0
5
0
1
0
0
2
5
K
ilo
m
et
re
s
G
D
A_
19
94
_M
G
A
_Z
on
e_
55
L
E
G
E
N
D C
ro
ss
 S
ec
tio
n
G
eo
lo
gi
ca
l p
ro
ve
nc
es
Te
ne
m
en
ts
Su
rf
ac
e 
G
eo
lo
gy
O
th
er
 g
eo
lo
gy
 n
ot
 re
la
te
d
C
on
da
m
in
e 
Al
lu
vi
um
 a
nd
 o
th
er
 a
llu
vi
um
C
ai
no
zo
ic
Sp
rin
gb
ok
/W
al
lo
on
 C
oa
l M
ea
su
re
s 
/ H
ut
to
n 
Sa
nd
st
on
e
Bu
ng
il/
M
oo
ga
/O
ra
llo
/G
ub
be
ra
m
un
da
R
ol
lin
g 
D
ow
ns
M
oo
la
ye
m
be
r
8
Cumulative Drawdown Impact Book Pages.indd   8 15/04/11   12:47 PM
ER
O
M
A
N
G
A 
B
A
SI
N
SU
R
AT
 B
A
SI
N
C
LA
R
EN
C
E-
M
O
R
ET
O
N
 B
A
SI
N
B
O
W
EN
 B
A
SI
N
A A'
B
B'
4
0
0
0
0
0
4
0
0
0
0
0
6
0
0
0
0
0
6
0
0
0
0
0
8
0
0
0
0
0
8
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
0
0
6800000
6800000
7000000
7000000
7200000
7200000
A
U
T
H
O
R
  
  
  
  
 T
L
C
H
E
C
K
E
D
 B
Y
  
  
PJ
D
D
A
T
E
  
  
  
2
5
/1
1
/2
0
1
0
P
R
O
JE
C
T
 N
O
  
  
  
 S
1
0
0
R
E
V
IS
IO
N
  
  
  
  
  
 B
D
R
A
W
IN
G
 N
O
  
  
0
1
6
a
FI
G
U
R
E
 3
.1
S
u
rf
a
ce
 G
e
o
lo
g
y
±
0
5
0
1
0
0
2
5
K
ilo
m
et
re
s
G
D
A_
19
94
_M
G
A
_Z
on
e_
55
L
E
G
E
N
D C
ro
ss
 S
ec
tio
n
G
eo
lo
gi
ca
l p
ro
ve
nc
es
Te
ne
m
en
ts
Su
rf
ac
e 
G
eo
lo
gy
O
th
er
 g
eo
lo
gy
 n
ot
 re
la
te
d
C
on
da
m
in
e 
Al
lu
vi
um
 a
nd
 o
th
er
 a
llu
vi
um
C
ai
no
zo
ic
Sp
rin
gb
ok
/W
al
lo
on
 C
oa
l M
ea
su
re
s 
/ H
ut
to
n 
Sa
nd
st
on
e
Bu
ng
il/
M
oo
ga
/O
ra
llo
/G
ub
be
ra
m
un
da
R
ol
lin
g 
D
ow
ns
M
oo
la
ye
m
be
r
9
Cumulative Drawdown Impact Book Pages.indd   9 15/04/11   12:47 PM
10
Cumulative Drawdown Impact Book Pages.indd   10 15/04/11   12:47 PM
11
Cumulative Drawdown Impact Book Pages.indd   11 15/04/11   12:47 PM
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .! .! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! .
! . ! .
! .
! .
! .
! .
! . ! .! .! . ! .
! .! .
! . ! .
! .
! .
! .
! . ! .
! . ! . ! .! . ! .! . ! .
! . ! .! .! .
! .
! .
! .
! .! .
! .! .! .
! .
! .
! . ! .! .
! .! .! . ! . ! . ! . ! .! .
! .
! .
! .
! .! .
! .! .
! .
! .
! .
! . ! .
! . ! .
! .! .
! .
! .
! .
! .
! .
! .! .! .
! .
! .
! .
! .
! .
! .! .
! . ! .
! .
! .
! .
! .
! .! .
! .
! .
! .! .! .
! .! .
! .
! .
! .
! .
! .
! .! .
! .
! . ! .
! .
! .
! .
D
AL
BY
M
IL
ES
W
AN
D
O
AN
CH
IN
CH
IL
LA
R
O
M
A
TO
O
W
O
O
M
BA
W
AL
LU
M
BI
LL
A
4
0
0
0
0
0
4
0
0
0
0
0
6
0
0
0
0
0
6
0
0
0
0
0
8
0
0
0
0
0
8
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
0
0
6800000
6800000
7000000
7000000
7200000
7200000
A
U
T
H
O
R
  
  
  
  
 T
L
C
H
E
C
K
E
D
 B
Y
  
  
PJ
D
D
A
T
E
  
  
  
0
2
/0
2
/2
0
1
1
P
R
O
JE
C
T
 N
O
  
  
  
 S
1
0
0
R
E
V
IS
IO
N
  
  
  
  
  
 0
D
R
A
W
IN
G
 N
O
  
  
0
2
4
FI
G
U
R
E
 3
.5
L
o
ca
ti
o
n
 o
f 
S
p
ri
n
g
s 
in
 S
u
ra
t 
B
a
si
n±
0
5
0
1
0
0
2
5
K
ilo
m
et
re
s
L
E
G
E
N
D
! .
Sp
rin
gs
To
w
n
s
R
o
ad
s
R
iv
er
s,
 s
tr
ea
m
s
S
u
ra
t 
B
as
in
G
D
A_
19
94
_M
G
A
_Z
on
e_
55
CONCEPTUAL MODEL 
12 
3.4 CONCEPTUAL HYDROGEOLOGICAL MODEL 
The Surat Basin and Bowen Basin are structurally separate, but due to stratigraphic proximity, 
they may be hydraulically interconnected in localised areas.  However, for the purposes of 
assessing cumulative impact, it is considered appropriate to view the Surat Basin as a separate 
hydraulic entity from the underlying Bowen Basin, the uppermost units of which are 
predominantly low permeability confining beds, namely the Moolayember Formation, Clematis 
Sandstone and Rewan Formation, which collectively comprise the Rewan Group.  The Rewan 
Group forms an effective aquiclude between the Bowen Basin Bandanna Coal Measures and the 
Surat Basin Walloon Coal Measures. 
The Surat Basin sediments overlie the Bowen Basin and comprise a multi-layered alternating 
sequence of water-bearing permeable sandstones (aquifers) and low permeability siltstones and 
mudstones (confining units – aquitards).  Coal seams constitute aquifers within generally low 
permeability sediments that make up the bulk of the Walloon Coal Measures.  Hence this 
formation comprises a combination of aquifers and aquitards.  None of the low permeability 
units is considered to be so impermeable as to totally prevent groundwater flow between 
adjacent aquifers, hence the confining beds are all considered to be “leaky” (ie aquitards, rather 
than aquicludes). 
All lithological units are assumed to be continuous and relatively consistent in thickness, at least 
across the part of the basin where the CSG developments are located, however, it is known that 
regionally there may be discontinuities in certain units.  The Walloon Coal Measures are known 
to grade transgressively into siltstones, and the coal seams do not continue across to the 
western margin of the basin.  The base of the Springbok Sandstone is an unconformable contact 
with the underlying Walloon Coal Measures.  Mudstones overlying the Walloon Coal Measures 
are absent in some places.  The lowermost part of the Springbok Sandstone may also be absent 
in localised areas, and the Springbok aquifer is therefore somewhat lensoidal and discontinuous. 
There is evidence that some of the aquifer units in the Surat Basin sequence are not 
hydraulically continuous across the basin area.  Some faulting is recognised, and localised 
discontinuities are possible.  Many of the units also display regional variability, which may lead 
to variations in their behaviour as either aquifers or aquitards, and also variations in their 
hydraulic properties across the basin. 
In particular, there is significant variability within the Walloon Coal Measures, as illustrated by 
the block diagram shown in Figure 3.4.  The coal seams within the Walloon Coal Measures are 
significantly fragmented and discontinuous both vertically and horizontally, and are also 
believed to grade transgressionally into siltstones in the western and south-western parts of the 
study area. 
3.4.1 RECHARGE AND DISCHARGE 
The aquifers in the Surat Basin sequence are mainly recharged by infiltration of rainfall in areas 
where the aquifers occur in outcrop or shallow subcrop, and to a lesser extent by infiltration 
from the beds of streams that flow across the outcrop or subcrop areas.  The eastern and north-
eastern margins of the basin, where the principal sandstone aquifers outcrop, is recognised as a 
primary recharge area for the GAB. 
Natural discharge from the basin occurs by evapotranspiration, baseflow discharges to streams, 
spring discharges, and leakage laterally and vertically to adjacent aquifers.  Most of the rivers 
and streams in the basin are ephemeral, and are also believed to be groundwater sinks most of 
the time, with groundwater discharging as stream baseflow maintaining some flow during 
periods of low rainfall.   
A number of natural springs are recorded, where groundwater discharges to the surface.  
Springs which occur from rock outcrop in low-lying areas close to the recharge zones are 
referred to as “recharge springs”.  The known springs in and close to the Basin are shown on 
Figure 3.5.
There is also extensive use of groundwater within the basin for irrigation, stock and domestic 
use, commercial water supply and town water supply.  Further groundwater discharge occurs in 
association with ongoing coal mining, CSG production, and oil and gas production. 
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3.4 CONCEPTUAL HYDROGEOLOGICAL MODEL 
The Surat Basin and Bowen Basin are structurally separate, but due to stratigraphic proximity, 
they may be hydraulically interconnected in localised areas.  However, for the purposes of 
assessing cumulative impact, it is considered appropriate to view the Surat Basin as a separate 
hydraulic entity from the underlying Bowen Basin, the uppermost units of which are 
predominantly low permeability confining beds, namely the Moolayember Formation, Clematis 
Sandstone and Rewan Formation, which collectively comprise the Rewan Group.  The Rewan 
Group forms an effective aquiclude between the Bowen Basin Bandanna Coal Measures and the 
Surat Basin Walloon Coal Measures. 
The Surat Basin sediments overlie the Bowen Basin and comprise a multi-layered alternating 
sequence of water-bearing permeable sandstones (aquifers) and low permeability siltstones and 
mudstones (confining units – aquitards).  Coal seams constitute aquifers within generally low 
permeability sediments that make up the bulk of the Walloon Coal Measures.  Hence this 
formation comprises a combination of aquifers and aquitards.  None of the low permeability 
units is considered to be so impermeable as to totally prevent groundwater flow between 
adjacent aquifers, hence the confining beds are all considered to be “leaky” (ie aquitards, rather 
than aquicludes). 
All lithological units are assumed to be continuous and relatively consistent in thickness, at least 
across the part of the basin where the CSG developments are located, however, it is known that 
regionally there may be discontinuities in certain units.  The Walloon Coal Measures are known 
to grade transgressively into siltstones, and the coal seams do not continue across to the 
western margin of the basin.  The base of the Springbok Sandstone is an unconformable contact 
with the underlying Walloon Coal Measures.  Mudstones overlying the Walloon Coal Measures 
are absent in some places.  The lowermost part of the Springbok Sandstone may also be absent 
in localised areas, and the Springbok aquifer is therefore somewhat lensoidal and discontinuous. 
There is evidence that some of the aquifer units in the Surat Basin sequence are not 
hydraulically continuous across the basin area.  Some faulting is recognised, and localised 
discontinuities are possible.  Many of the units also display regional variability, which may lead 
to variations in their behaviour as either aquifers or aquitards, and also variations in their 
hydraulic properties across the basin. 
In particular, there is significant variability within the Walloon Coal Measures, as illustrated by 
the block diagram shown in Figure 3.4.  The coal seams within the Walloon Coal Measures are 
significantly fragmented and discontinuous both vertically and horizontally, and are also 
believed to grade transgressionally into siltstones in the western and south-western parts of the 
study area. 
3.4.1 RECHARGE AND DISCHARGE 
The aquifers in the Surat Basin sequence are mainly recharged by infiltration of rainfall in areas 
where the aquifers occur in outcrop or shallow subcrop, and to a lesser extent by infiltration 
from the beds of streams that flow across the outcrop or subcrop areas.  The eastern and north-
eastern margins of the basin, where the principal sandstone aquifers outcrop, is recognised as a 
primary recharge area for the GAB. 
Natural discharge from the basin occurs by evapotranspiration, baseflow discharges to streams, 
spring discharges, and leakage laterally and vertically to adjacent aquifers.  Most of the rivers 
and streams in the basin are ephemeral, and are also believed to be groundwater sinks most of 
the time, with groundwater discharging as stream baseflow maintaining some flow during 
periods of low rainfall.   
A number of natural springs are recorded, where groundwater discharges to the surface.  
Springs which occur from rock outcrop in low-lying areas close to the recharge zones are 
referred to as “recharge springs”.  The known springs in and close to the Basin are shown on 
Figure 3.5.
There is also extensive use of groundwater within the basin for irrigation, stock and domestic 
use, commercial water supply and town water supply.  Further groundwater discharge occurs in 
association with ongoing coal mining, CSG production, and oil and gas production. 
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Table 3.2: Horizontal Hydraulic Conductivity Values (Kh) 
Unit 
Aquifer/ 
Confining 
Unit 
Horizontal Hydraulic Conductivity Kh (m/d) 
CSG 1 CSG 2 CSG 3 CSG 4 Proposed 
Cainozoic & Alluvium A 0.22-5.0 
0.036/0.0036
0.31 5.0 Variable 
Rolling Downs Group C 0.05 0.027 0.001 0.01-0.05 
Bungil A 
0.12 
0.036/0.0036 0.022 0.001 
0.1-0.5 
Mooga A 0.036/0.0036 0.117 0.5 
Orallo C 
0.0036/ 
0.00036 
0.25 0.1 0.1-0.5 
Gubberamunda A 0.31 0.36/0.036 0.49 0.5 0.3-0.5 
Westbourne C 0.0056 0.001/0.0001 0.0026 0.001 0.001-0.005
Springbok - upper A
0.28 1.25 0.12 0.5 
0.3-1.0 
Springbok - lower C 0.001-0.005
Walloon Upper C 0.00044 
0.0025/ 
0.00025 
0.0015 0.05 
0.0005-
0.005 
Walloon Coal Seam 
(Macalister) 
A 0.0025 1.36/0.014 0.004 
0.001 
0.001-0.005
Walloon (Macalister 
Mudstone) 
A 0.00015 
0.005/ 
0.0005 
0.0015 Walloon (U Juandah Sst) A 0.14 
Walloon (L Juandah 
Mudstone) 
C 0.00015 
Walloon (L Juandah Coal 
seam) 
A 0.0064 0.004 0.001 
Walloon (L Juandah 
Mudstone) 
C 0.00015 
0.0015 
0.001 
Walloon (Tangalooma 
Sandstone) 
A 0.14 0.05 
Walloon (Taroom 
Mudstone) 
C 0.00015 0.001 
Walloon (Taroom Coal 
Seam)
A 0.0074 1.36/0.014 0.004 0.001 
Walloon (Taroom 
Mudstone) 
C 0.00015 0.0025/ 
0.00025 
0.0011 0.001 
0.001-0.005
Eurombah Fm C 0.00062 0.0011 0.05 
Upper Hutton Sandstone A 2.4 
0.1/0.01 0.13 0.1 0.1-0.5 
Lower Hutton Sandstone A 0.12 
Evergreen C 0.00065 
0.01/ 
0.0001 
0.003 0.001 
0.0005-
0.001 
Precipice A 3.1 3.8/0.38 0.21 1.0 1-4 
Moolayember Fm C 0.0025 - - - - 
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3.4.2 HYDRAULIC PROPERTIES 
Hydraulic Conductivity 
A range of hydraulic conductivity values have been adopted by each of the four CSG proponents 
for groundwater modelling purposes, as detailed in Table 3.2 and Table 3.3 below. 
There is some variation in the parameter values used by the four proponents, in some cases 
differing by several orders of magnitude.  It is perhaps not surprising that such variation exists, 
as there are only limited test results for some of the units. Further, vertical permeability is very 
difficult to assess on the basis of either field testing or laboratory test work.  Generally field test 
pumping is of too short a duration to induce vertical flow, and the vertical conductivity values 
can often only be determined after a long period of aquifer stress, such as large volume 
pumping extractions.  Drill stem tests also do not create a sufficiently large stress on the rock to 
assess regional-scale features which can be important factors in bulk vertical permeability.  
Laboratory testing of cored samples is also problematic, as it tends to not account for rock 
fractures and other defects that are important to regional flow, but are unlikely to be present in 
rock samples selected for laboratory testing. 
Experience elsewhere suggests that vertical hydraulic conductivity is generally lower than 
expected, especially in layered or laminated strata. 
In deriving suggested parameters for adoption in the regional model, a range has been 
provided, in recognition that the properties are likely to be variable over the basin.  In 
particular, it is possible that some of the hard rock units may be more conductive in areas close 
to outcrop than where they occur at depth in the central parts of the basin.  There may also be 
some variation due to transitional facies changes in some lithological units across the basin.  
Although the Springbok Sandstone has been included in all four models as a single model layer, 
with aquifer properties, it has been known as a poor aquifer, and recent drilling has confirmed 
that the lowermost third of the unit is very fine-grained and much less permeable than the 
upper two-thirds approximately.  The lower third is considered to be more of an aquitard than 
an aquifer.  Hence it is recommended that the Springbok Sandstone be represented by two 
layers, an upper layer with modest aquifer properties, and a lower layer with aquitard 
properties.  
Only one of the proponents recognises the Pilliga Sandstone in the area of the model.  It is 
considered to be transitional either with the Gubberamunda Sandstone or the Springbok 
Sandstone, and is recommended that it be included with the Springbok Sandstone in the 
regional model. 
The horizontal hydraulic conductivity values used in the four models are mostly reasonably 
consistent.  The most notable exceptions are the Eurombah Formation (range 0.00062 to 0.05) 
and the Walloon upper confining layer (range 0.00044 to 0.05).  These variations in interpreted 
horizontal conductivity are not considered to be significant, as it is less important for the 
horizontal K to be consistent in the confining units than the aquifer units.  Importantly, there is 
reasonable consistency with all of the main aquifer units. 
Conversely, it is more important for there to be consistency in vertical K in the confining units, 
and Table 3.3 shows that this is generally the case.  The main exceptions are the Evergreen 
Formation (two of the models use a vertical K of 0.013 or 0.014, whereas the other two use 
values 4 and 5 orders of magnitude lower); and the Walloon upper and lower confining layers 
(where there is a difference of 2-3 orders of magnitude).   
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Laboratory testing of cored samples is also problematic, as it tends to not account for rock 
fractures and other defects that are important to regional flow, but are unlikely to be present in 
rock samples selected for laboratory testing. 
Experience elsewhere suggests that vertical hydraulic conductivity is generally lower than 
expected, especially in layered or laminated strata. 
In deriving suggested parameters for adoption in the regional model, a range has been 
provided, in recognition that the properties are likely to be variable over the basin.  In 
particular, it is possible that some of the hard rock units may be more conductive in areas close 
to outcrop than where they occur at depth in the central parts of the basin.  There may also be 
some variation due to transitional facies changes in some lithological units across the basin.  
Although the Springbok Sandstone has been included in all four models as a single model layer, 
with aquifer properties, it has been known as a poor aquifer, and recent drilling has confirmed 
that the lowermost third of the unit is very fine-grained and much less permeable than the 
upper two-thirds approximately.  The lower third is considered to be more of an aquitard than 
an aquifer.  Hence it is recommended that the Springbok Sandstone be represented by two 
layers, an upper layer with modest aquifer properties, and a lower layer with aquitard 
properties.  
Only one of the proponents recognises the Pilliga Sandstone in the area of the model.  It is 
considered to be transitional either with the Gubberamunda Sandstone or the Springbok 
Sandstone, and is recommended that it be included with the Springbok Sandstone in the 
regional model. 
The horizontal hydraulic conductivity values used in the four models are mostly reasonably 
consistent.  The most notable exceptions are the Eurombah Formation (range 0.00062 to 0.05) 
and the Walloon upper confining layer (range 0.00044 to 0.05).  These variations in interpreted 
horizontal conductivity are not considered to be significant, as it is less important for the 
horizontal K to be consistent in the confining units than the aquifer units.  Importantly, there is 
reasonable consistency with all of the main aquifer units. 
Conversely, it is more important for there to be consistency in vertical K in the confining units, 
and Table 3.3 shows that this is generally the case.  The main exceptions are the Evergreen 
Formation (two of the models use a vertical K of 0.013 or 0.014, whereas the other two use 
values 4 and 5 orders of magnitude lower); and the Walloon upper and lower confining layers 
(where there is a difference of 2-3 orders of magnitude).   
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Table 3.3: Vertical Hydraulic Conductivity Values (Kv) 
Unit 
Aquifer/ 
Confining 
Unit CSG 1 CSG 2 CSG 3 CSG 4 Proposed 
Moolayember Formation C 8.33E-6 
0.101/ 
0.00263 
0.021 - 
1.0E-6 to 
2.0E-6 
 
For the Evergreen Formation, the available information suggests that the lower end of the range 
should be used. The marked groundwater level/pressure differences between the Hutton and 
Precipice Sandstones (ranging from 40 m to more than 100 m head difference) suggests that 
the Evergreen Formation is a very effective aquitard.  Based on extensive experience with coal 
mining impacts, in sequences similar to the Surat Basin sequence in the CSG area, it is 
considered that the lower end of the range would generally be appropriate for all confining 
units, subject to the results of model calibration. 
Storage 
The specific storage values used in the groundwater models by the four CSG proponents are 
detailed in Table 3.4, and specific yield values are in Table 3.5. 
As with hydraulic conductivity, there is significant variation in specific storage values between 
the various models.  It is noted that similar values have been assigned to several model layers, 
with the values generally lower for the aquitard layers, and in general lower for deeper layers. 
Some of the modelling reports did not detail calibrated model values for specific yield for the 
hard rock units. 
It is considered preferable to assign specific storage values to each model layer that are based 
on geotechnical rock strength and stress properties.  As this information was not available for 
this review, it has not been attempted to assign proposed values in Table 3.4.  
As the proposed CSG recovery will involve only depressurisation, not dewatering, of the coal 
measures, and the impacts on other hard rock units will similarly not involve dewatering, the 
assignment of specific yield values to the hard rock units is less important than specific storage 
values.  However, for any modelling that attempts to assess the drawdown impacts in the 
unconsolidated alluvium, or the impacts on the hardrock units in their outcrop areas where they 
may be unconfined, it would be necessary to assign specific yield values.  These should be 
based as much as possible on the results of hydraulic testing, supported by some laboratory 
testing.  It has not been possible to establish suitable values on the basis of the reports 
reviewed in this study. 
3.4.3 BOUNDARY CONDITIONS 
It is considered that the Bowen Basin sediments form a basal aquitard beneath the Surat Basin 
sediments.  It is recommended that they be represented thus in a regional groundwater model. 
Recharge is a variable process across the Basin, with recharge rates reflecting the nature of the 
rocks exposed at the surface in any particular area.  The uppermost hydrogeological unit in this 
area includes a range of unconsolidated materials, including alluvium where present. In other 
areas this layer would represent regolith (or weathered rock) which would have hydraulic 
properties more similar to alluvium than hard rock.  This layer would extend essentially across 
the basin, and is an important element in the way recharge occurs to the hard rock aquifer 
units.  Recharge occurs predominantly by direct infiltration of rainfall into the alluvium/regolith 
followed by downward percolation into any permeable units sub-cropping beneath.  Wherever 
fresh rock may be exposed in outcrop without significant depth of weathering or alluvial cover, 
direct recharge to the hard rocks can occur. 
Streams may be either ephemeral or semi-perennial.  Water may flow in either direction 
between the stream and the groundwater, thus the streams may vary between gaining or 
losing, both temporally and spatially. 
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Table 3.3: Vertical Hydraulic Conductivity Values (Kv) 
Unit 
Aquifer/ 
Confining 
Unit CSG 1 CSG 2 CSG 3 CSG 4 Proposed 
Cainozoic & Alluvium A - 
0.0072/ 
0.00072 
0.031 0.5 0.005-0.05 
Rolling Downs Group C 0.000167 0.00027 0.00001 
0.0001-
0.0003 
Bungil A 
0.004 
0.0072/ 
0.00072 
0.0022 0.00001 0.0001-
0.001 Mooga A 0.0117 0.05 
Orallo C 
0.0072/ 
0.000072 
2.50E-5 0.002 
0.0001-
0.0003 
Gubberamunda A 0.0103 
0.0072/ 
0.00072 
0.049 0.05 0.01-0.05 
Westbourne C 1.87E-5 
2.00E-5/ 
2.00E-6 
0.000026 0.00001 
1.0E-5 to 
2.0E-5 
Springbok - upper A 
0.00933 0.025/0.025 0.012 0.05 
0.01-0.05 
Springbok - lower C 
1.0E-5 to 
2.0E-5 
Walloon Upper C 1.47E-6 
5.00E-6/ 
5.00E-7 
1.50E-6 0.001 
1.0E-6 to 
2.0E-6 
Walloon Coal Seam 
(Macalister) 
A - 
0.453/ 
0.00467 
0.0004 
0.00001 
1.0E-6 to 
2.0E-6 
Walloon (Macalister 
Mudstone) 
A 5.00E-7 
0.453/ 
0.00467 
1.50E-6 Walloon (U Juandah Sst) A 0.00467 
Walloon (L Juandah 
Mudstone) 
C 5.00E-7 
Walloon (L Juandah Coal 
seam) 
A - 0.0004 0.00001 
Walloon (L Juandah 
Mudstone) 
C 5.00E-7 
1.50E-6 
0.00001 
Walloon (Tangalooma 
Sandstone) 
A 0.00467 0.001 
Walloon (Taroom 
Mudstone) 
C 5.00E-7 0.00001 
Walloon (Taroom Coal 
Seam) 
A - 
0.453/ 
0.00467 
0.0004 0.00001 
Walloon (Taroom 
Mudstone) 
C 5.00E-7 5.00E-6/ 
5.00E-7 
1.50E-6 0.00001 1.0E-6 to 
2.0E-6 
Eurombah Fm C 2.07E-6 1.10E-5 0.001 
Upper Hutton Sandstone A 0.08 0.014/ 
0.00143 
0.013 0.002 0.001-0.01 
Lower Hutton Sandstone A 0.004 
Evergreen C 2.17E-6 
0.014/ 
0.00143 
0.013 0.00001 
1.0E-6 to 
2.0E-6 
Precipice A 0.103 
2.00E-4/ 
2.00E-6 
3.00E-5 0.1 0.001-0.01 
Vertical Hydraulic Conductivity Kv (m/d) 
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For the Evergreen Formation, the available information suggests that the lower end of the range 
should be used. The marked groundwater level/pressure differences between the Hutton and 
Precipice Sandstones (ranging from 40 m to more than 100 m head difference) suggests that 
the Evergreen Formation is a very effective aquitard.  Based on extensive experience with coal 
mining impacts, in sequences similar to the Surat Basin sequence in the CSG area, it is 
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Table 3.3: Vertical Hydraulic Conductivity Values (Kv) 
Unit 
Aquifer/ 
Confining 
Unit CSG 1 CSG 2 CSG 3 CSG 4 Proposed 
Cainozoic & Alluvium A - 
0.0072/ 
0.00072 
0.031 0.5 0.005-0.05 
Rolling Downs Group C 0.000167 0.00027 0.00001 
0.0001-
0.0003 
Bungil A 
0.004 
0.0072/ 
0.00072 
0.0022 0.00001 0.0001-
0.001 Mooga A 0.0117 0.05 
Orallo C 
0.0072/ 
0.000072 
2.50E-5 0.002 
0.0001-
0.0003 
Gubberamunda A 0.0103 
0.0072/ 
0.00072 
0.049 0.05 0.01-0.05 
Westbourne C 1.87E-5 
2.00E-5/ 
2.00E-6 
0.000026 0.00001 
1.0E-5 to 
2.0E-5 
Springbok - upper A 
0.00933 0.025/0.025 0.012 0.05 
0.01-0.05 
Springbok - lower C 
1.0E-5 to 
2.0E-5 
Walloon Upper C 1.47E-6 
5.00E-6/ 
5.00E-7 
1.50E-6 0.001 
1.0E-6 to 
2.0E-6 
Walloon Coal Seam 
(Macalister) 
A - 
0.453/ 
0.00467 
0.0004 
0.00001 
1.0E-6 to 
2.0E-6 
Walloon (Macalister 
Mudstone) 
A 5.00E-7 
0.453/ 
0.00467 
1.50E-6 Walloon (U Juandah Sst) A 0.00467 
Walloon (L Juandah 
Mudstone) 
C 5.00E-7 
Walloon (L Juandah Coal 
seam) 
A - 0.0004 0.00001 
Walloon (L Juandah 
Mudstone) 
C 5.00E-7 
1.50E-6 
0.00001 
Walloon (Tangalooma 
Sandstone) 
A 0.00467 0.001 
Walloon (Taroom 
Mudstone) 
C 5.00E-7 0.00001 
Walloon (Taroom Coal 
Seam) 
A - 
0.453/ 
0.00467 
0.0004 0.00001 
Walloon (Taroom 
Mudstone) 
C 5.00E-7 5.00E-6/ 
5.00E-7 
1.50E-6 0.00001 1.0E-6 to 
2.0E-6 
Eurombah Fm C 2.07E-6 1.10E-5 0.001 
Upper Hutton Sandstone A 0.08 0.014/ 
0.00143 
0.013 0.002 0.001-0.01 
Lower Hutton Sandstone A 0.004 
Evergreen C 2.17E-6 
0.014/ 
0.00143 
0.013 0.00001 
1.0E-6 to 
2.0E-6 
Precipice A 0.103 
2.00E-4/ 
2.00E-6 
3.00E-5 0.1 0.001-0.01 
Vertical Hydraulic Conductivity Kv (m/d) 
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Table 3.5: Specific Yield Values (Sy) 
Unit 
Aquifer/ 
Confining 
Unit 
Specific Yield 
CSG 1 CSG 2 CSG 3 CSG 4 Proposed 
Cainozoic & Alluvium A 0.04/0.06 
-
- 0.1 
Variable
(0.01-0.20) 
Rolling Downs Group C 0.03 - 0.1 - 
Bungil A 
0.03 
- - 0.1 
-
Mooga A - - 0.15 
Orallo C - - 0.1 - 
Gubberamunda A 0.03 - - 0.15 - 
Westbourne C 0.02 - - 0.1 - 
Springbok - upper A
0.03 - - 0.15 
-
Springbok - lower C -
Walloon Upper C - - - 0.05 -
Walloon Coal Seam 
(Macalister) 
A - - - 
0.01 
-
Walloon (Macalister 
Mudstone) 
A - 
-
-Walloon (U Juandah Sst) A -
Walloon (L Juandah 
Mudstone) 
C - 
Walloon (L Juandah Coal 
seam) 
A - - 0.05 
Walloon (L Juandah 
Mudstone) 
C - 
-
0.05 
Walloon (Tangalooma 
Sandstone) 
A - 0.05 
Walloon (Taroom 
Mudstone) 
C - 0.05 
Walloon (Taroom Coal 
Seam)
A - - - 0.01 
Walloon (Taroom 
Mudstone) 
C - 
-
- 0.05 
-
Eurombah Fm C - - 0.1 
Upper Hutton Sandstone A -
- - 0.15 - 
Lower Hutton Sandstone A - 
Evergreen C - - - 0.1 - 
Precipice A - - - 0.15 -
CONCEPTUAL MODEL 
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Table 3.4: Specific Storage Values (Ss) 
Unit 
Aquifer/ 
Confining 
Unit 
Specific Storage (m-1)
CSG 1 CSG 2 CSG 3 CSG 4 Proposed1
Cainozoic & Alluvium A 0.000005 0.001/ 
0.0005 
0.0001 0.0008  
Rolling Downs Group C 0.0001 0.00001 0.00005 
Bungil A 
0.0001 
0.005/ 
0.0005 
0.00001 0.00005 
Mooga A 
0.005/ 
0.0005 
0.00002 0.00005 
Orallo C 
0.005/ 
0.0005 
0.00001 0.00005  
Gubberamunda A 0.000003 
0.005/ 
0.00005 
0.00002 0.00005  
Westbourne C 0.00001 
0.0005/ 
0.00005 
0.00001 0.00005  
Springbok - upper A
0.000003 
0.0005/ 
0.00005 
0.00002 0.00005 
Springbok - lower C
Walloon Upper C 0.00001 
0.0005/ 
0.00005 
0.000006 0.00005  
Walloon Coal Seam 
(Macalister) 
A 0.000003 
0.0005/ 
0.00005 
0.000006 
0.00005 
Walloon (Macalister 
Mudstone) 
A 0.00001 
0.0005/ 
0.00005 
0.000006 Walloon (U Juandah Sst) A 0.000003 
Walloon (L Juandah 
Mudstone) 
C 0.00001 
Walloon (L Juandah Coal 
seam) 
A 0.000003 0.000006 0.00005 
Walloon (L Juandah 
Mudstone) 
C 0.00001 
0.000006 
0.00005 
Walloon (Tangalooma 
Sandstone) 
A 0.000003 0.00005 
Walloon (Taroom 
Mudstone) 
C 0.00001 0.00005 
Walloon (Taroom Coal 
Seam)
A 0.000003 
0.0005/ 
0.00005 
0.000006 0.00005 
Walloon (Taroom 
Mudstone) 
C 0.00001 0.0005/ 
0.00005 
0.000006 0.00005 
Eurombah Fm C 0.00001 0.000005 0.00005 
Upper Hutton Sandstone A 0.000003 0.0005/ 
0.00005 
0.000008 0.00005  
Lower Hutton Sandstone A 0.000003 
Evergreen C  
0.0005/ 
0.00005 
0.000005 0.00005  
Precipice A 0.000003 
0.0005/ 
0.00005 
0.000008 0.00005  
                                              
1 Derive appropriate values from geotechnical rock strength properties 
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1 Derive appropriate values from geotechnical rock strength properties 
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Table 4.1: Groundwater Modelling for Four CSG Proponents 
Project Consultant Model Focus Software Model 
Area 
(km2)
No of 
Model
Layers 
Calibration Sensitivity 
Analysis 
Parameters Selected for 
Steady 
State 
Transient Best Case Worst Case 
Origin Worley Parsons Surat Basin regional 
model
FEFLOW 172,740 23 Yes No2 Yes High K and R, 
lower limit Ss 
Low K and R, 
upper limit Ss 
           
QGC3 Golder Three separate over-
lapping local models 
MODFLOW 
(with PMWin)
17,280 18 No No No  
           
Santos URS Surat Basin regional 
model
FEFLOW 153,100 19 Yes No No Limited 
boundaries, 
pressure
scenario 
2 x reservoir 
predicted 
abstraction 
volume 
           
Arrow Schlumberger Surat Basin regional 
model
MODFLOW 
(with Visual 
Modflow) 
122,763 15 Yes Yes No   
           
                                              
2 No transient calibration, however a transient validation was undertaken based on model predicted water production vs production engineering estimates. 
3 In an evolving model development process, a Generation 2 regional model now exists for the QGC project.  Results of this have not been made available for 
inclusion in this assessment.
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4 PREDICTION OF IMPACTS BY CSG PROPONENTS 
Each of the four proponents has taken a different approach to impact prediction.  Numerical 
groundwater modelling has been used, but significantly different model domains have been 
assumed, as well as different model layer configurations, and there are in some cases, large 
differences in model parameter values.  The main features of the modelling approaches are 
listed below for comparison in Table 4.1.
Modelling software used by the proponents are listed in Table 4.1. Two proponents used 
MODFLOW (finite difference) software, and two used FEFLOW (finite element) software. 
The most recent available modelling by the proponents was made available for this study.  
Three of the proponents are currently compiling new versions of their groundwater models to 
provide an improved basis for predicting potential impacts, and for designing their respective 
CSG production fields.  In some cases the results are in the public domain (ie in published 
environmental impact assessments), and in other cases the modelling results are confidential or 
have not yet been released.  Where necessary, in this report, the identity of individual 
predictions and production plans has been protected at the request of the proponents.  
However, the results of all four projects have been included in the cumulative impacts described 
in Section 5 below.  
It should be noted that the production plans used in the model predictions may change.  The 
cumulative impacts described below are based on the most recent production plan modelled in 
each case.  Significant production plan changes in future by one or more of the proponents 
would need to be assessed by further modelling. 
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5 ASSESSMENT OF CUMULATIVE IMPACTS 
5.1 METHODOLOGY 
Each of the CSG proponents has separately undertaken groundwater modelling to simulate their 
individual proposed gas extraction project.  Two proponents have attempted to assess 
cumulative impacts, by including the other projects in some way in their model, as well as their 
own proposal.  The other two projects have been represented in a simplified manner, and do 
not necessarily represent the other projects in a realistic way. 
For this study, no attempt has been made to remodel the impacts with all four projects in the 
one model.  This was beyond the scope and capacity of the current study.  Rather, the output 
datafiles of predicted drawdowns from each of the four models have been converted into a 
common grid format, and then the individual impacts summed to determine cumulative 
drawdowns. The method of consolidation of predicted impacts is illustrated on Figure 5.1.
The start and end dates of the four projects are not consistent, but are all scheduled to start in 
the next 1-3 years.  Because of different assumed start dates, model outputs are not available 
at a consistent set of dates for all four projects. The output data from each model has been 
considered at the various dates chosen by each proponent, and from these data the years when 
maximum drawdown impact will occur in each of the main aquifers of concern has been 
identified.   
Peak drawdown impact is predicted to occur between 2050 and 2060 in most aquifers, and this 
time period has been selected for maximum cumulative impact assessment. 
Some proponents were requested to re-generate data at a different set of dates to better match 
the dates listed above.  In other cases, the nearest date for which drawdown predictions were 
available has been used. 
5.2 CAVEATS 
It needs to be recognised that the approach described above will result in an over-prediction of 
impacts.  The reason for this is that in at least two of the proponents’ models, the water 
production for their project has been determined on the basis that no other project is in 
operation.  Hence, by summing the drawdown impacts, it assumes that each project’s water 
production will be independent of the other three projects.  However, all four projects are likely 
to be mutually interdependent, and the total rate of water production may therefore be 
significantly less than the sum of the four projects in isolation.  Hence, the regional drawdown 
impacts are also likely to be less than predicted by the above methodology. 
This is the best approach that can be taken at the present time, and it is able to identify areas 
where impacts are likely to be greatest, even if the magnitude of those impacts may be over-
estimated. 
5.3 WATER PRODUCTION RATES 
Water production rates are not available for all scenarios modelled.  Figure 5.2 shows the 
water production figures used in the CSG modelling exercises for the low impact case. 
Figure 5.2 shows that water production is predicted to peak at 200,000 ML/year (550 ML/d), at 
around 2020-2025, based on current production schedules. 
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5.4 CUMULATIVE DRAWDOWN IMPACTS 
Cumulative drawdowns have been calculated for the following main hard rock aquifer units.  
Predicted cumulative impacts for the low impact case are shown on the following figures: 
▼ Mooga Sandstone (at Year 2060) – see Figure 5.3
▼ Gubberamunda Sandstone (at Year 2060) – see Figure 5.4
▼ Springbok Sandstone (at Year 2060) – see Figure 5.5
▼ Hutton Sandstone (at Year 2060) – see Figure 5.6
▼ Precipice Sandstone (at Year 2060) – see Figure 5.7.
Cumulative drawdowns for the same aquifers for the high impact case are shown in Figure 5.8
to Figure 5.12.
Cumulative drawdowns have not been calculated for the unconsolidated materials which 
generally have been modelled as Layer 1 in the CSG proponents’ groundwater models.  Layer 1 
includes several different hydrostratigraphic units, including the Condamine Alluvium, Chinchilla 
Sand, other alluvium, colluvium, weathered bedrock, and other Cainozoic units within the 
respective model areas.  In one model, Layer 1 also included the Rolling Downs Group.  As this 
model layer does not represent a single cohesive, hydraulically continuous or interconnected 
unit, it is considered that cumulative drawdowns derived by summing the Layer 1 drawdowns 
from the separate models is not sufficiently reliable to be meaningful. 
On all plots, only the region of greater than 5m of cumulative drawdown is shown.  As indicated 
above, the cumulative impacts are likely to be overstated, however, the depiction of the extent 
of the region of > 5m drawdown gives a conservative indication of the likely maximum extent of 
impact relative to the government’s trigger levels for response action in the hard rock units, as 
discussed in the next section. 
Most of the proponents have looked at a band of potential impacts, and this assessment has 
looked at both the low and high end of the ranges of the modelled scenarios to generate firstly a 
low impact cumulative drawdown, and a high impact cumulative drawdown.   These two cases 
are reflected in the figures listed above. 
-  The maximum impacts do not occur in all layers at the same time, with peak impacts 
predicted to occur in the Walloon Coal Measures towards the end of production, with peak 
impacts in the immediately overlying and underlying layers occurring first, while peak impacts in 
the aquifers deeper in the sequence are predicted to occur much later.   
The year 2060 has been selected for presentation, as it is close to the year when peak impacts 
are predicted to occur in most of the aquifer units. 
It is seen that there is very little difference in the extent or magnitude of impact between the 
low and high impact cases, except in the deeper underlying aquifers, the Hutton Sandstone and 
the Precipice Sandstone.  In the low impact case, cumulative drawdowns in the Precipice 
Sandstone never exceed 5m in any location, reaching a maximum of only 3.5m; whereas using 
the high end of the predicted range, a relatively large area of greater than 5m cumulative 
drawdown is apparent.  Likewise, the predicted area of greater than 5m cumulative drawdown 
in the Hutton Sandstone is significantly larger using the high end of the predicted impact range, 
compared with the low end. 
It is also noted that the extent of > 5m drawdown is similar in both the Bungil/Mooga and the 
Gubberamunda Aquifers.  Maximum extent of > 5m drawdown in the Springbok Sandstone is 
intermediate between the higher and lower aquifer units. 
In all cases, the region of > 5m cumulative drawdown is limited to the general proximity of the 
CSG developments.  The drawdown is more extensive in the down dip direction in all cases, with 
impacts in the updip direction constrained not only by the outcrop limits, but presumably also 
due to influence of ongoing recharge to updip areas. 
24
Cumulative Drawdown Impact Book Pages.indd   24 15/04/11   12:47 PM
ASSESSMENT OF CUMULATIVE IMPACTS
25 
 
5.4 CUMULATIVE DRAWDOWN IMPACTS 
Cumulative drawdowns have been calculated for the following main hard rock aquifer units.  
Predicted cumulative impacts for the low impact case are shown on the following figures: 
▼ Mooga Sandstone (at Year 2060) – see Figure 5.3
▼ Gubberamunda Sandstone (at Year 2060) – see Figure 5.4
▼ Springbok Sandstone (at Year 2060) – see Figure 5.5
▼ Hutton Sandstone (at Year 2060) – see Figure 5.6
▼ Precipice Sandstone (at Year 2060) – see Figure 5.7.
Cumulative drawdowns for the same aquifers for the high impact case are shown in Figure 5.8
to Figure 5.12.
Cumulative drawdowns have not been calculated for the unconsolidated materials which 
generally have been modelled as Layer 1 in the CSG proponents’ groundwater models.  Layer 1 
includes several different hydrostratigraphic units, including the Condamine Alluvium, Chinchilla 
Sand, other alluvium, colluvium, weathered bedrock, and other Cainozoic units within the 
respective model areas.  In one model, Layer 1 also included the Rolling Downs Group.  As this 
model layer does not represent a single cohesive, hydraulically continuous or interconnected 
unit, it is considered that cumulative drawdowns derived by summing the Layer 1 drawdowns 
from the separate models is not sufficiently reliable to be meaningful. 
On all plots, only the region of greater than 5m of cumulative drawdown is shown.  As indicated 
above, the cumulative impacts are likely to be overstated, however, the depiction of the extent 
of the region of > 5m drawdown gives a conservative indication of the likely maximum extent of 
impact relative to the government’s trigger levels for response action in the hard rock units, as 
discussed in the next section. 
Most of the proponents have looked at a band of potential impacts, and this assessment has 
looked at both the low and high end of the ranges of the modelled scenarios to generate firstly a 
low impact cumulative drawdown, and a high impact cumulative drawdown.   These two cases 
are reflected in the figures listed above. 
-  The maximum impacts do not occur in all layers at the same time, with peak impacts 
predicted to occur in the Walloon Coal Measures towards the end of production, with peak 
impacts in the immediately overlying and underlying layers occurring first, while peak impacts in 
the aquifers deeper in the sequence are predicted to occur much later.   
The year 2060 has been selected for presentation, as it is close to the year when peak impacts 
are predicted to occur in most of the aquifer units. 
It is seen that there is very little difference in the extent or magnitude of impact between the 
low and high impact cases, except in the deeper underlying aquifers, the Hutton Sandstone and 
the Precipice Sandstone.  In the low impact case, cumulative drawdowns in the Precipice 
Sandstone never exceed 5m in any location, reaching a maximum of only 3.5m; whereas using 
the high end of the predicted range, a relatively large area of greater than 5m cumulative 
drawdown is apparent.  Likewise, the predicted area of greater than 5m cumulative drawdown 
in the Hutton Sandstone is significantly larger using the high end of the predicted impact range, 
compared with the low end. 
It is also noted that the extent of > 5m drawdown is similar in both the Bungil/Mooga and the 
Gubberamunda Aquifers.  Maximum extent of > 5m drawdown in the Springbok Sandstone is 
intermediate between the higher and lower aquifer units. 
In all cases, the region of > 5m cumulative drawdown is limited to the general proximity of the 
CSG developments.  The drawdown is more extensive in the down dip direction in all cases, with 
impacts in the updip direction constrained not only by the outcrop limits, but presumably also 
due to influence of ongoing recharge to updip areas. 
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6 RECOMMENDATIONS FOR REGIONAL GROUNDWATER MODEL 
6.1 MODELLING SOFTWARE 
It is considered appropriate that either MODFLOW-SURFACT or FEFLOW could be used for the 
regional model.  Both enjoy broad industry and community acceptance.  Both can accommodate 
saturated and unsaturated flow, and both can also accommodate de-saturated layers beneath 
saturated layers.  Datafiles can be readily exchanged between the two software packages. 
6.2 MODEL DOMAIN 
The model domains used by the four proponents are shown on Figure 6.1.  Three are 
purported to be basin-wide regional models, although the model domain areas vary from 
122,743 km2 to 172,740 km2.  The fourth project used three overlapping local models, covering 
a combined area of 17,280 km2.  Each of the models used resulted in some drawdown impacts 
at or close to the model boundaries, at least in the Walloon Coal Measures. 
As the Surat Basin stratigraphy is believed to be hydraulically continuous across the basin, the 
model domain for a regional model should extend at least to the basin margins in the updip 
direction (ie to the north, northeast and east).  The underlying Bowen Basin sediments and the 
enclosing hard rocks to the east, south and west should be considered as an impermeable 
basement layer for the model.   
To the west and south, the model boundary should be at sufficient distance to ensure that no 
boundary effects occur in the model predicted impacts.  The western margin of the Surat Basin 
is not well defined, as it is not defined by outcrop, but rather by a region of elevated basement.  
The poor definition is compounded by the fact that the outcrops of the Surat Basin sediments 
are less well exposed due to surficial cover, and also due to the transgressional nature of some 
of the units to the west, making stratigraphic identification more difficult in that area.  Due to 
the transitional nature of the Walloon Coal Measures down-dip to the west and south, the model 
would not need to extend to the Surat Basin margin in those directions (although theoretically 
drawdown effects could be propagated beyond the extent of the Walloon Coal Measures in 
underlying or overlying aquifers). 
It is possible that the surficial layer, comprising alluvium, colluvium and weathered rock 
(regolith) extends hydraulically beyond the margins of the basin.  In particular, the Condamine 
Valley alluvium is potentially hydraulically connected to the basin sediments, although this is 
located largely within the basin, but other areas of alluvium/colluvium/weathered rock may 
extend beyond the basin margins.  Hence there may be a case for the model domain to extend 
for a short distance beyond the basin margins in some locations. 
A recommended model domain for the regional model is shown on Figure 6.1.  It takes account 
of the arguments used for the model domains adopted by the CSG proponents, and the extent 
of groundwater level impacts predicted by each model.  There is some uncertainty as to the 
actual location of basin margins and geological outcrops, as there were some differences in 
these elements between the four models.  However, the actual model domain would be defined 
broadly by the principles described above, and may vary slightly from the indicative boundary 
shown on Figure 6.1.
ASSESSMENT OF CUMULATIVE IMPACTS
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5.5 TRIGGER LEVELS  
Trigger drawdown levels, at which groundwater management plans may need to be 
implemented by the CSG operators, have been specified by the Queensland Government as 
follows: 
 Springs and perennial reaches of rivers and streams – 0.2 m in the water table. 
 Surficial Alluvial Aquifers – the lesser of a 2 m decline in water level 
 Consolidated Aquifers (including sandstone and all other non-alluvial aquifers) – the 
lesser of a 5 m decline in water level. 
On Figures 5.3 to 5.7 and Figures 5.8 to 5.12, existing water supply bores have been shown.  
The recorded springs within the Surat Basin are shown on Figure 3.5.
36
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6.3 MODEL LAYERS 
It is recommended that 15 model layers be included in the model.  Each of the CSG proponents 
has used a different model layer configuration in their models thus far.  The layers considered 
appropriate for a regional model are as detailed in the “Proposed” column in Table 6.1.
Layer elevations should be defined in the model using the most reliable geological information 
available.  In some cases this is public domain information, but in areas close to the CSG 
developments, company confidential information may be a more reliable source of information. 
It is recommended that surface elevations be defined to an accuracy of better than 5m, using 
an appropriate DTM data set.  This is necessary to ensure that near-surface processes can be 
accurately represented in the model, and predicted impacts in the alluvium are reliable for 
planning and assessment purposes. 
Table 6.1: Model Layer Configurations 
Unit 
Aquifer/ 
Confining 
Unit 
Layer Number 
Aquifers of 
Concern CSG 1 CSG 2 CSG 3 CSG 4 Proposed
Cainozoic / Alluvium A 1
1
1 1 1 Cainozoic 
Rolling Downs Group C 2 2 2 2
Bungil A 
3
2
3 - 
3 Bungil/Mooga 3
Mooga A 4 4 3
Orallo C 5 5 4 4
Gubberamunda A 4 6 6 5 5 Gubberamunda
Westbourne C 5 7 7 6 6
Springbok - upper A
6 8 8 7 
7 Springbok 
Springbok - lower C 8
Walloon Upper C 7 9 9 8 9
Walloon Coal Seam 
(Macalister) 
A 8 10 10 
-
10 Walloon  
Walloon (Macalister 
Mudstone) 
A 9 
11
11Walloon (U Juandah Sst) A 10 
Walloon (L Juandah 
Mudstone) 
C 11
Walloon (L Juandah Coal 
seam) 
A 12 12 9 
Walloon (L Juandah 
Mudstone) 
C 13
13
Walloon (Tangalooma 
Sandstone) 
A 14 10 
Walloon (Taroom 
Mudstone) 
C 15
Walloon (Taroom Coal 
Seam)
A 16 12 14 11 
Walloon (Taroom 
Mudstone) 
C 17
13
15 - 
11
Eurombah Fm C 18 16 12
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6.3 MODEL LAYERS 
It is recommended that 15 model layers be included in the model.  Each of the CSG proponents 
has used a different model layer configuration in their models thus far.  The layers considered 
appropriate for a regional model are as detailed in the “Proposed” column in Table 6.1.
Layer elevations should be defined in the model using the most reliable geological information 
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developments, company confidential information may be a more reliable source of information. 
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an appropriate DTM data set.  This is necessary to ensure that near-surface processes can be 
accurately represented in the model, and predicted impacts in the alluvium are reliable for 
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As it is unlikely that sufficient regional transient monitoring data is available to calibrate a basin-
wide model, it may be necessary to undertake transient calibration of localised impacts, such as 
from existing gas production, town water supply, coal mine dewatering, or intensive irrigation to 
confirm the model assumptions.  The parameters that are likely to be of greatest importance 
are recharge and vertical hydraulic conductivity of the aquitards in the sequence. 
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Table 6.1: Model Layer Configurations 
Unit 
Aquifer/ 
Confining 
Unit 
Layer Number 
Aquifers of 
Concern CSG 1 CSG 2 CSG 3 CSG 4 Proposed
Upper Hutton Sandstone A 19 
14
17 13 12 Hutton 
15
16
Lower Hutton Sandstone A 20 
Evergreen C 21 17 18 14 13
Precipice A 22 18 19 15 14 Precipice 
Moolayember Formation C 23 - 20 - 15
6.4 BOUNDARY CONDITIONS 
The impermeable base of the model would be the Bowen Basin sediments (ie the Moolayember 
Formation and other members of the Rewan Group).  It is not necessary to represent this as a 
separate layer in the model, unless it were to be used to assess the potential effect of hydraulic 
connections with the underlying Bowen Basin sediments.  Eastern, south-eastern, north-eastern 
and northern boundaries would be no-flow boundaries or variable head boundaries to allow for 
possible regional hydraulic connection with the Clarence-Moreton Basin.  The model boundaries 
to the west, south-west and south could be either no-flow or variable head boundaries as 
appropriate. 
It is recommended that streams be represented in such a way that they may either gain or lose 
water on both a spatial and temporal basis.  Thus MODFLOW River cells would be preferred for 
any perennial or semi-perennial streams, with all other minor streams and ephemeral reaches 
represented by either River or Drain cells as appropriate. 
6.5 RECHARGE 
It is understood that recharge has been represented in some but not all of the proponents’ 
models.  Recharge cannot readily be determined on the basis of field testing, and is normally 
determined by a combination of broader regional experience, in conjunction with model 
calibration.  It is particularly difficult in the absence of long-term monitoring records for many of 
the hard rock aquifer units in the CSG development area. 
It is recommended that available information on recharge rates from GAB studies and 
Queensland regional studies, such as the BRS and NRM (2003) report, be used to inform the 
values initially selected for recharge, and that the best available long-term records be used to 
attempt a transient calibration that may assist with determining the appropriate recharge rates. 
6.6 EXISTING GROUNDWATER USE 
As there is already extensive use of groundwater for many purposes within the Surat Basin, all 
existing use of groundwater should be represented in the model.  Generally, there are not 
accurate records of water use, so it will be necessary to rely on informed estimates.  In some 
cases, it will be possible to represent use as point sources, but in others usage may have to be 
averaged over selected areas.   
The estimates compiled for the GAB Water Resource Plan should be consulted. 
6.7 MODEL CALIBRATION 
Although there is limited data to allow for transient calibration, it is highly desirable that every 
effort be made to carry out meaningful transient calibration of the regional model.  This should 
ideally include a combination of climatic and man-made stressors. 
40
Cumulative Drawdown Impact Book Pages.indd   40 15/04/11   12:47 PM
RECOMMENDATIONS FOR REGIONAL GROUNDWATER MODEL
41 
 
As it is unlikely that sufficient regional transient monitoring data is available to calibrate a basin-
wide model, it may be necessary to undertake transient calibration of localised impacts, such as 
from existing gas production, town water supply, coal mine dewatering, or intensive irrigation to 
confirm the model assumptions.  The parameters that are likely to be of greatest importance 
are recharge and vertical hydraulic conductivity of the aquitards in the sequence. 
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Table 6.1: Model Layer Configurations 
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Aquifer/ 
Confining 
Unit 
Layer Number 
Aquifers of 
Concern CSG 1 CSG 2 CSG 3 CSG 4 Proposed
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14
17 13 12 Hutton 
15
16
Lower Hutton Sandstone A 20 
Evergreen C 21 17 18 14 13
Precipice A 22 18 19 15 14 Precipice 
Moolayember Formation C 23 - 20 - 15
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7 OPPORTUNITIES FOR FURTHER RESEARCH 
This study has collated groundwater information from the four major CSG companies operating 
in the Surat Basin to provide a preliminary but over-conservative assessment of the 
groundwater areas expected to be impacted by depressurisation of the Walloon Coal Measures.     
The Queensland Water Commission has been tasked with assessing the CSG water impacts.  
However, in conducting this preliminary study it is clear that there are areas where additional 
research would improve both the identification of the cumulative impact area as well as the 
robustness of the model predictions regarding timing and scale of impact.    Key areas for 
further research include: 
 Best practice in model parameterisation and calibration given the model scale, number of 
model layers, and the available data.  Non‐uniqueness and long run times are expected to 
affect calibration particularly as the model is used to predict drawdown conditions which 
exceed the observed hydrological events and data available for the Basin; 
 Assessment  of  model  uncertainty  including  the  impact  of  parameter  selection  and 
calibration process on the uncertainty of prediction.  Uncertainty would be expected to be 
a function of model and data selection as well as model output choice;  
 Improved quantification of the specific storage and specific yield parameters for aquifers 
and the impact on model outputs; 
 Quantification of subsidence and the effect on hydraulic properties of aquifers;  
 Effect  of  CSG  operations  on  the  changes  in  hydraulic  conductivity  parameters  of 
hydrogeological units; 
 Assessment of hydrologic continuity including localised faulting and discontinuities of key 
geological units across the Basin;  
 Improved quantification of  the degree of hydraulic connection between unconsolidated 
alluvium and underlying aquifers to  improve prediction of both recharge and drawdown 
impacts; 
 Quantification  of  the  extent  of  hydraulic  connection  between  the  Surat  Basin  and  the 
Bowen Basin coal measures and the effect of any interaction on cumulative groundwater 
impacts; 
 Identification of appropriate groundwater monitoring strategies and the potential to use 
this monitoring data to  improve the hydraulic parameterisation and model calibration at 
different scales.  
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